Abstract. Perturbing the systemẋ = −y(1 + x),ẏ = x(1 + x),ż = 0 inside the family of polynomial differential systems of degree n in R 3 , we obtain at most n 2 limit cycles using the first-order averaging theory. Moreover, there exist such perturbed systems having at least n 2 limit cycles.
Introduction and statement of the main results
We perturb the systemẋ = −y(1 + x),ẏ = x(1 + x),ż = 0 inside a class of polynomial differential systems of degree n in R 3 . We note that the unperturbed system has the straight line x = 0, y = 0 and the plane x = −1 filled by singular points. Moreover, each plane z = z 0 = const is invariant with respect to the flow of the unperturbed system. In fact, on every plane z = z 0 , the singular point (0, 0, z 0 ) is a center.
Theorem 1.
We consider the family of systemṡ
where F (x, y, z), G(x, y, z), and R(x, y, z) are polynomials of degree n starting from terms of degree 2. Then there exists sufficiently small ε 0 > 0 such that, for |ε| < ε 0 , there exist systems (1) having at least n 2 limit cycles bifurcating from the periodic orbits of the systemẋ
Theorem 1 improves the results of [1], where, perturbing the systeṁ x = −y,ẏ = x,ż = 0 inside the same class of polynomial vector fields, the averaging method up to the first order only can obtain at most n(n − 1)/2 2000 Mathematics Subject Classification. 37G15, 37D45. Key words and phrases. Linear center, limit cycle, averaging theory, polynomial differential system. limit cycles. Preliminary results in this direction where obtained byŻo ladek in [5] [6] [7] . His main result is that the number of limit cycles that can be obtained from the periodic orbits of the center at the origin of the invariant plane z = 0 is of the order const ·n. But we study the limit cycles bifurcating from the periodic orbits at any plane z = const, not only from the plane z = 0. In this way, we obtain that the number of limit cycles is n 2 .
Limit cycles via averaging theory
In few words, we can say that the averaging method [3, 4] gives a quantitative relation between solutions of some nonautonomous periodic differential system and the solutions of its averaged differential system, which is autonomous. The next theorem provides a first-order approximation in ε for the limit cycles of a periodic differential system; for a proof see [3, Theorem 2.6.1] and [4, Theorem 11.5].
